Rat polymerase beta gapped DNA interactions: antagonistic effects of the 5' terminal PO4 - group and magnesium on the enzyme binding to the gapped DNAs with different ssDNA gaps.
The role of the 5' terminal phosphate group downstream from the primer and magnesium cations in the energetics and dynamics of the gapped DNA recognition by rat polymerase beta have been examined, using the fluorescence titration and stopped-flow techniques. The analyses have been performed with the entire series of gapped DNA substrates differing in the size of the ssDNA gap. The 5' terminal phosphate group and magnesium cations exert antagonistic effect on enzyme binding to gapped DNA that depends on the length of the ssDNA gap. The PO4 - group amplifies the differences between the substrates with different ssDNA gaps, while in the presence of magnesium, affinities and structural changes induced in the DNA are very similar among examined DNA substrates. Both, the phosphate group and Mg+2 differ dramatically in affecting the thermodynamic response of the gapped DNA-rat pol beta system to the salt concentration. The data indicate that these distinct effects result from affecting the structure of the DNA, in the case of the phosphate group, and from direct magnesium binding to the protein. The mechanism of rat enzyme binding depends on the length of the ssDNA gap and the presence of the 5' terminal phosphate group. Complex formation with DNAs having three, four, and five residues in the gap occurs by a minimum three-step sequential mechanism. Depending on the presence of the 5' terminal phosphate group and/or magnesium, binding of the enzyme to a DNA containing two residues in the ssDNA gap is described by the same three-step or by a simpler two-step mechanism. With the DNA containing only one residue in the gap, binding is always described by only a two-step mechanism. The PO4 - group and magnesium cations have opposite effects on internal stability of the complexes with different length of the ssDNA gap. While the PO4 - group increases the stability of internal intermediates with the increasing length of the gap, Mg+2 decreases the stability of the intermediates with longer ssDNA gap. As a result, the combined favorable orientation effect of the phosphate group and the unfavorable Mg+2 effect lead to the optimal docking of the ssDNA gaps with three and four residues by the enzyme.